The present study reports an unprecedented biogenic method for the synthesis of silver nanoparticles (AgNPs) using leaf extract of Saraca indica and characterized their antibacterial activity. We have also focused on the biosynthesis mechanism of AgNPs. Plant leaf extract has water soluble organic materials which help in the reduction of silver ions and stabilization of AgNPs. Aqueous solution of silver nitrate was treated with leaf extract of Saraca indica for the formation of AgNPs. The surface plasmon resonance was occurred at 412 nm. The size distribution profile of synthesized AgNPs was analysed by Dynamic Light Scattering (DLS). Transmission Electron Microscopy (TEM) has been done for the measurement of particle size and their morphology. The role of phytochemicals in the reduction of silver ions and defining the framework in which AgNPs are covered and provide steadiness can be determined through Fourier Transform Infrared Spectroscopy (FTIR). TEM micrograph reveals that the size of AgNPs was obtained in the range of 13-50 nm with spherical morphology. X-ray Diffraction (XRD) pattern of the AgNPs exhibited 2θ values corresponding to the silver nanocrystals. Furthermore, the antibacterial activity of synthesized AgNPs against E. coli DH5α was investigated by growth curve and inhibition zone analysis. It was observed that the 20 µg/ml concentration of biogenic AgNPs recorded as minimal inhibitory concentration (MIC) against E. coli DH5α.
Introduction
The synthesis of metal and semiconductor nanoparticles is an expanding research area, due to their potential applications for the development of novel technologies [1] . Basically, nanotechnology deals with the synthesis of nanoparticles of different shapes, sizes and their potential applications [2] . Nanoparticles have a wide range of applications in the field of environmental pollution control, drug delivery, and material chemistry [3] . However, the augmentation of a suitable process or mechanism of nanomaterial synthesis as well as full control of size and dispersity is still a matter of great confront to current nanotechnology [4] [5] [6] [7] [8] . Synthesis of metal nanoparticles has an advantage of having the large surface area for their antimicrobial activity and other applications [1] . For thousands of years silver has been used as a healing and antimicrobial agent throughout the world [9] . Some researchers have shown silver's magisterial performance in fighting against microbes [10] . Ionic silver can be used in wide applications from antimicrobial material to electronic sensors [11] .
There are several methods existing for the synthesis of nanoparticles such as using chemical reducing agents with enhancers, bacteria, fungus, many other microbes and plant parts extracts. Among the various known synthesis methods, plant-mediated nanoparticles synthesis is preferred as it is cost-effective, environment friendly and safe for human therapeutic use [12, 13] . The chemical method for the synthesis of nanoparticles has several occupational exposure hazards like carcinogenicity, genotoxicity, cytotoxicity and general toxicity [14] . In the use of microbes, the problem for bio reduction is to maintain the aseptic conditions, which not only requires technical labour but also boosts the production cost. It has been reported that medicinally valuable angiosperms have the greatest potential for synthesis of metallic nanoparticles with respect to quality and quantity [12] [13] [14] [15] . Many plant extract have the potential ability to synthesize AgNPs extra-cellularly including benghalensis [1] , Syzygium cumini [2] , Pelargonium graveolens [16] , Capsicum annuum [17] , Azadirachta indica [18] , Allium cepa [19] , Ficus coffee and tea (Camellia sinensis) [20] , Mentha piperita [21] and Brassica juncea [22] .
It was found experimentally that the polyol components and water soluble hydro cyclic compounds present in leaf were mainly responsible for reduction of silver ions [23] . Biosynthesized silver nanoparticles (AgNPs) are used in label free colorimetric assay [24] , water-filtering apparatus [25] , catalysis [26] , anti-viral and anti-HIV studies [27] . Many researchers have tried to synthesize AgNPs of variable size, shape and dispersity by varying metal ion or leaf broth concentration, pH, and temperature [12] [13] [14] [15] 18] . It has been hypothesized that several factors together determine the synthesis of nanoparticles such as plant source, organic compounds in the crude plant extract and even the pigments, alkaloids, polyphenols and proteins etc. in plant extract [13, 18] .
In the present study, we have described the mechanistic approach of biosynthesis of AgNPs using Saraca indica leaf extract. The antibacterial activity of synthesized AgNPs against E. coli DH5α was investigated by growth curve and well diffusion method.
Experimental

Chemicals & bacteria
Saraca indica plant leaves were collected from the garden of Amity University, Noida, India, for the synthesis of AgNPs. The silver nitrate (AgNO 3 ) was purchased from Merck limited, India. Lyophilized culture of E. coli DH5α was obtained from Department of Microbiology, College of Life Sciences, Gwalior, India. Luria Bertani media was supplied by Hi-Media Laboratories, Bombay, India.
Synthesis of AgNPs
Leaf extract was prepared by taking 25 g of thoroughly washed fresh leaves of Saraca indica. These leaves were crushed by a piston and mortar till a paste is formed. Then pour the paste to a 500 ml flask and add 100 ml of deionised water to it. Then this solution is allowed to attain a temperature of 60 ºC for 15-25 minutes. Subsequently, the solution is filtered by using a filter paper and the filtrate thus obtained is the required leaf extract solution. For the synthesis of AgNPs, 1 mM AgNO 3 solution was prepared in an Erlenmeyer flask. This solution was sustained at a temperature of 60-80ºC for 10 minutes. Subsequently, 5 ml of plant extract solution was added drop by drop along with constant stirring. After some time, a colour change is observed this indicates the initiation of nanoparticles synthesis. The obtained solution is stable for around 5-6 weeks.
Instrumentation
UV-Vis spectroscopy
UV-Vis absorption spectroscopy is the branch of spectroscopy where the absorption of light by molecules that are in a gas or vapor state or dissolved molecules/ ions can be measured. It investigates the absorption between the wavelength limits 190 nm and 1100 nm, where the absorption of the electromagnetic radiation is caused by the excitation of bonding and non-bonding electrons of the ions or molecules. The measured sample's absorption spectrum is continuous due to the fact that the different vibration and rotation states of the molecules make the absorption band wider. A UV-1601 pc Shimadzu spectrophotometer is used to study the absorption spectrum of the AgNPs synthesized by Saraca indica leaf extract. The reaction mixture is analyzed in the wavelength range from 200-800 nm.
Dynamic light scattering (DLS)
DLS (also known as Quasi-Elastic Light Scattering) is a technique which can be used to determine the size distribution profile of particles in suspension or polymers in solution. This measurement depends on the size of the particle nucleus, the size of surface structures, particle concentration, and the type of ions in the medium. Since DLS essentially measures fluctuations in scattered light intensity due to diffusing particles, the diffusion coefficient of the particles can be determined.
Transmission electron microscopy (TEM)
TEM uses an electron beam to prepare an image of a sample. High energy electron beam falls upon ultrathin samples allow for image resolutions that are of the order of 1-2 Å. The morphology and size of AgNPs were characterized by TEM (Philips CM-10). A thin film of the sample was prepared onto a carbon coated copper grid. A beam of electrons is transmitted through an ultra thin specimen. These electrons interact with the specimen and form an image. The image is magnified and focused onto an imaging device, such as a fluorescent screen, on a layer of photographic film.
Fourier transform infrared spectroscopy (FTIR)
In FTIR spectroscopy, IR radiation is passed through a sample. Some of the part is absorbed by the sample and another is passed through it. The resulting spectrum signifies the molecular absorption and transmission which creates the molecular fingerprint of the sample. This fingerprint spectrum with absorption peaks corresponds to the frequencies of vibrations between the bonds of the atoms of sample materials. In addition, the size of the peaks in the spectrum is a direct indication of the amount of material present. A Perkin-Elmer 1750, Norwalk, CT (FTIR) is used to analyse the sample solution of AgNPs along with the phytochemical that are possibly responsible for the reduction and stabilization of the nanoparticles.
X-ray diffraction (XRD)
X-ray diffraction (XRD) analysis of powdered AgNPs in sample was obtained for the determination of the formation of AgNPs by analyzing the peak intensity, position and width. It helps to identify the crystalline material, unit cell dimensions and sample purity. Scherrer's formula is used to determine the mean particle size using full width at half-maximum (FWHM) data provided in the graph. d = 0.9λ/β cos θ Where d is the mean diameter of the nanoparticles, λ is the wavelength of X-ray radiation source and β is angular FWHM of the XRD peak at diffraction angle θ.
Evaluation of antibacterial activity of AgNPs
The antibacterial activity of AgNPs was evaluated against E. coli DH5α, a gram-negative bacterium. Consequence of AgNPs on bacterial growth was monitored at a regular interval of 5 h (up to 25 h) by measuring the optical density (OD). Bacterial culture was supplemented with different concentration of AgNPs ranging from 20-45 µg/ml. The control culture was treated as in the same fashion but without any exposure of AgNPs. Afterward, the culture was incubated at 37 ºC for around 25 h. The growth of E. coli DH5α in broth media was indexed by measuring the OD (at wavelength of 600nm) at regular intervals using UV-Vis spectrophotometer.
Further the antibacterial activity of biogenic AgNPs was also assayed by well diffusion method. The zone at which no bacterial colonies can be grown are called inhibition zone. The inhibition zone depends upon the concentration of nanoparticles if we increase the concentration then inhibition zone will also increase. LB agar was prepared and poured into the petri-plates after solidification wells were prepared. Subsequently, broth culture of E. coli DH5α was spread on the surface of media and the AgNPs solution with concentrations ranging from 20-45 µg/ml was poured into the wells and allowed to incubate for 24 h at 37 ºC.
Results and discussion
UV-Vis spectral analysis
The formation of AgNPs by the reduction of the aqueous metal ions during exposure of the Saraca indica leaf extract can be easily evaluated by UV-Vis spectroscopy. The UV-Vis absorption spectrum was taken in the presence of leaf extract of Saraca indica (Fig. 1) . The Surface plasmon resonance spectra of AgNPs obtained at 412 nm that showing no aggregation of nanoparticles in the UV-Vis spectrum.
DLS analysis
The synthesized AgNPs by Saraca indica leaf extract was analyzed by DLS to get the size distribution profile. The size distribution profile of AgNPs was found to be in the range of 21-62 nm (Fig. 2) . The polydispersity index (PDI) of AgNPs was observed to be 0.292 which points out these particles are polydispersed. 
TEM analysis
The sample for TEM (Philips CM-10 TEM) characterization was prepared by putting a drop of suspension onto a copper grid and then allowed to dry at room temperature. TEM micrograph reveals that the AgNPs have spherical morphology with size range of 13-50 nm (Fig. 3) . Micrograph also clearly depicted that there is no agglomeration.
FTIR analysis
FTIR analysis is used to identify and to get an approximate idea of the possible biomolecules that are responsible for the reduction and stabilization of the AgNPs with the Saraca indica leaf extract (Fig. 4) . In the range of 4000-3000 cm −1 , spectrum shows a broad and strong intensity peak at nearly 3390 cm −1 and 3396 cm −1 which can be attributed to alcoholic or phenolic hydrogen bonded O-H bonds. These peaks can also be due to the presence of amines (N-H) groups. In the range from 3000-2000 cm −1 spectrum gives five consecutive weak peaks which is due to alkynyl groups. A peak at 2638 cm −1 is due to the presence of carboxylic acid O-H bonds. Spectrum gives a sharp and strong peak at 1647 cm −1 which could be due to the formation of hydrogen bonds between hydrogen atoms of aldehydes, carboxylic acids and alcohols at the surface. Hydrogen bonding tends to decrease the double-bond character of the C=O group, which results in a shift of the C=O absorption band to a lower frequency. The peak at 1647 cm −1 could also be attributed to C=C stretching vibrations, about the amide C=O and conjugated C=O (ketones, aldehydes and esters) which proofs as a determinant for the presence of enzyme/proteins that are responsible for the reduction and stabilisation of AgNPs. In the region, from 1500-1000 cm −1 it gives consecutive three peaks with nearly same intensity which is due to alkanes, alcohol, ethers, carboxylic acid, esters, amines or nitro groups. A sharp peak at 698 cm −1 confirms about the alkenes(C-H) or phenol substitution bands (C-H). From the above analysis, this can be concluded that Saraca indica leaf extract contains enzymes/protein which might be responsible for reduction of the metal ions and reducing sugars like flavanones which are present on the surface of nanoparticles and provided stability.
XRD analysis
In this study, the XRD pattern obtained for AgNPs shows a characteristic high intensity peak at 2θ = 79˚ (Fig. 5) . This peak corresponds to the pure silver showing Braggs reflections of (311) set of lattice plane, which is As estimated from the FWHM data of the peak, the size of silver nanocrystallites obtained was in accordance with the above characterizations. There are two more peaks but with a low intensity at around 38˚ and 64.5˚ corresponding to the (111) and (220) lattice planes (Fig. 5 ).
Potential mechanism of biogenic synthesis of AgNPs
Saraca indica is a medicinal plant from the ancient time. According to recent studies, some researchers have quoted that it has alkaloids, saponins, tannins, flavonoids and glycosides in its aqueous extract [28] . All these components are none other than glycosides except alkaloids. Out of them, tannins and flavonoids have the high antioxidative properties [29] . Tannin is a type of polyphenol and flavonoids are self-sufficient naturally Fig. 6 Potential mechanism of synthesized biogenic AgNPs from Saraca indica leaf extract occurring antioxidants and iron chelators among the phytochemicals. From the recent studies on flavonoids, it has been concluded that, for good scavenging activity a catechol moiety on ring B is required. The 3-OH group in combination with a C 2 -C 3 double bond increases the scavenging activity. The 3-OH moiety can function as a chelation site and can also be oxidised [30] .
Saponins have the foaming characteristics and consist of polycyclic aglycones attached to one or more sugar side chains. The aglycone part, which is also called sapogenin, is either steroid (C27) or a triterpene (C30). The foaming capability of saponins is caused by the combination of hydrophobic (fat-soluble) and hydrophilic (water-soluble) sugar part. Alkaloids have the medicinal value, but its reducing property has not reported yet.
Due to the above properties, the leaf extract molecules, act as strong antioxidants and will reduce the Ag + ions into Ag (Fig. 6) . Flavonoids would scavenge all the free oxygen radicals present in the solution and thus contributes to the stability of nanoparticles. Hence all these phytochemicals are able to reduce silver ions and provide stability to the nanoparticles.
Analysis of antibacterial activity of AgNPs
The antibacterial activity of AgNPs was studied against E.coli DH5α by measuring the optical density at 600 nm using UV-Vis spectrophotometer. The media were supplemented with 20-45 µg/ml concentration of AgNPs. On the basis of our experimental statistics, we can conclude that on increasing the concentration of AgNPs from 20-45 µg/ml, there is a decrease in optical density that shows the reduced bacterial growth of E. coli DH5α (Fig. 7) . It shows that these nanoparticles are susceptible for antibacterial action against the reported strain. The antibacterial activity of biogenic AgNPs was also analyzed by well diffusion method. The media were supplemented with various concentrations of biogenic AgNPs ranges from 20-45 µg/ml. After 25 h incubation, zone of inhibition was observed with different diameters. Inhibition zone varied with concentration of biogenic AgNPs, which is proved by our experiment (Fig. 8) . Inhibition zone was not found in case of control culture because it does not have any exposure of AgNPs. These studies reveal the antibacterial nature of AgNPs.
Minimum inhibitory concentration (MIC) is the lowest concentration of an antibacterial agent that will inhibit the visible growth of a microorganism. MIC confirms the resistance of the microorganism to an antibacterial agent and helps in monitoring the activity of the new microbial agents. A lesser MIC is a sign of an improved antibacterial agent. MIC determination is done by elaborative experiments on E.coli DH5α cultures with different concentration of AgNPs, ranging from 20-45 µg/ ml. It was observed that 45 μg/ml concentration of AgNPs acts aseffective bactericides. Virtually there was no bacterial growth as optical absorption was insignificant. The growth curve indicates that minimum inhibitory concentration (MIC) is 20 μg/ml (Fig. 7) . AgNPs shield the whole membrane of bacteria and their enzyme receptors, this leads to block the bio signals for vital activity. Finally the nanoparticles were accumulated in the cytoplasm and inhibit the metabolic process. This property of AgNPs makes it an effective bactericidal agent.
Conclusion
In the present study, we have synthesized AgNPs using Saraca indica leaf extract and evaluated their antibacterial activity. We are mainly paying attention at mechanistic approach to understand the biosynthesis of silver nanoparticles and their antibacterial activity. The leaf extract acts as reducing and capping agent (tannin and flavonoids are strong antioxidants, which will help in reduction of Ag + into Ag). The size of AgNPs was obtained in the range of 13-50 nm. The FTIR analysis of the synthesized AgNPs also supports the proposed reaction mechanism. The particle shows effective antibacterial activity and hence can be used as an antibacterial agent with eco-friendly properties because the reaction is simple and feasible without any complications. The particles are spherical in shape as inferred from TEM images. The great tendency of the nanoparticles towards the toxicity for bacteria made them a good option for bio-medicinal application.
